The aim of this work focuses on the study of low molecular weight (LMW) compounds with antioxidant and antihypertensive effect in Iberian ham and La Serena cheese, two traditional products in Spain, in comparison to cured ham and matured Ewe's milk cheese. Proteolysis parameters were studied, LMW compounds were isolated and their antioxidant and antihypertensive activity was analyzed. Results showed that a more intense proteolysis, expressed as peptidic nitrogen (PN), in Iberian ham (p < 0.001), can cause higher antioxidant activity in this product for both DPPH radical scavenging (p < 0.001) and metal chelating effect (p < 0.001). However, a more intense proteolysis in La Serena cheese, expressed as non protein nitrogen (NPN) (p < 0.001) and PN (p < 0.001), did not promote higher antioxidant activity in this cheese. On the other hand, no differences were found for antihypertensive activity, expressed as angiotensin I-converting enzyme (ACE) inhibitory activity, in both type of hams or cheese.
Introduction
Iberian ham and La Serena cheese are traditional products of great importance in the Spanish market. The origin of the raw material and the ripening process of these products make them different to other cured hams and ewes' milk cheeses [1, 2] , thus being protected by a designation of origin (PDO). Iberian ham and La Serena cheese are very popular for consumers due to their exceptional sensory characteristics [3, 4] . However, their consumption is being affected by other considerations related to health and welfare of consumers such as fat, saturated fatty acid, cholesterol and sodium contents [1, 4] .
Nevertheless, several researches insist on demonstrating that traditional products derived from animals with an extensive and special manufacturing process, as Iberian ham or La Serena cheese, could be considered healthy from a nutritional point of view because of the high proportion of monounsaturated fatty acids (MFA), conjugated linoleic acid (CLA) or terpenes [2, 4, 5] . In this sense, proteolysis phenomena occurring during processing of these traditional products could cause the generation of active peptides with beneficial health effects. Therefore, this fact could be of great interest since it would help to improve the commercial image of these products.
Many active peptides have been isolated from proteins of animal origin such as milk, dairy products, raw meat or meat products [6] . Some of the most important bioactive peptides are the angiotensin I-converting enzyme (ACE) inhibitory peptides, which play an important role in the regulation of blood pressure. Milk proteins as source of ACE inhibitory peptides are the most studied ones. In this sense, ACE inhibitory activity has been tested in caseins [7, 8] , fermented milk [8] , whey proteins [9, 10] and fresh or matured cheeses [11, 12] . However, many researches have also showed ACE inhibitory activity on meat protein hydrolyzates [13] [14] [15] . Moreover, several authors found this activity in cured ham where some dipeptides were generated during processing [16, 17] . Recently, Vastag et al. [18] suggested that final compounds of proteolysis in fermented sausages were responsible for the ACE inhibitory activity of the products.
On the other hand, it is known that some peptides derived from milk and meat proteins show capacity to inhibit oxidative damages. In this sense, Suetsuna et al. [19] found free radical scavenging activity after peptidic digestion of milk caseins, results that were later corroborated by Rival et al. [20] and Sakanaka et al. [21] . Moreover, whey proteins also showed antioxidant activity as it was reported in several researches [22, 23] . Recently, Farvin et al. [24] described antioxidant activity of yoghurt peptides released during fermentation of milk by lactic acid bacteria. Other studies have investigated antioxidant properties of active peptides from meat as pork hidrolyzates [25] . Moreover, some authors were able to isolate peptides with antioxidant activity generated in fermented and cured sausages [18, [26] [27] [28] .
The aim of this work focuses on the study of peptides with antioxidant and antihypertensive effect in Iberian ham and La Serena cheese generated during processing, in comparison to cured ham and matured ewe's milk cheese.
Material and Methods

Samples
Ham and cheese samples were purchased from a local supermarket in Badajoz, Spain. Ham samples (n = 20) were obtained from Iberian cured ham (IH) (n = 10) and non Iberian cured ham (CH) (n = 10), with 24 months and 8 months process, respectively. On the same way, cheese samples were obtained from La Serena cheese (SC) (n = 10) and matured ewe's milk cheese (MC), made with plant and animal rennet, respectively. Samples were then minced, vacuum packed, and stored at −80˚C until analysis.
Total Protein Content Determination
Total protein content was expressed as percentage of dry matter and calculated following the Kjeldahl method (multiplying nitrogen percentage by a factor, 6.25 for ham and 6.38 for cheese) (ISO 937) [29] .
Non Protein Nitrogen, Peptidic Nitrogen and Amino Acid Nitrogen Analysis
Non-protein nitrogen (NPN) was determined by Nessler method using 4 g of sample after protein precipitation with 0.6 M perchloric acid. Amino acid nitrogen (AN) was determined from the 0.6 M perchloric acid protein precipitation fraction after peptide precipitation with 10% sulfosalicilic acid [30] . The determination of peptidic nitrogen (PN) was made as AN prior to acid hydrolysis of the NPN fraction with 6 N HCl (24 h at 120˚C) and correction for AN.
Extraction of Low Molecular Weight (LMW) Compounds from Ham
LMW compounds (molecular weight less than 3 kDa)
were extracted following the method developed by Broncano et al. [27] . Frozen ham samples (2.5 g) were homogenised in 12.5 ml of Perchloric acid (50 ml/l) in centrifuge tubes for 2 min on ice. The homogenate was centrifuged at 10,000 g for 12 min at 4˚C and the supernatant was collected and filtered using a cellulose acetate filter of 0.2 μm pore size (ALBET LabScience, Barcelona, Spain). The extracts were then neutralised (pH 7.0) using potassium hydroxide (KOH). The resulting salt was eliminated using a cellulose acetate filter of 0.1 μm size pore filter (Albet LabScience, Barcelona, Spain). The supernatant was submitted to ultrafiltration with 3 kDa cut-off (Millipore Amicon Ultra 15 Centrifugal filter Units, Bedford, United Kingdom) at 4000 g for 30 min.
Ham extracts were finally lyophilized and stored at −20˚C until analysis. Freeze-dried extracts were dissolved in milliQ water at a concentration of 10 mg/ml in order to determine the antioxidant and antihypertensive activities.
Extraction of Low Molecular Weight (LMW) Compounds from Cheese
Extracts were obtained following the procedure described by Gómez-Ruiz et al. [31] . Cheese was homogenised with twice its weight of Milli-Q water (Merk Millipore, Bedford, United Kingdom). The homogenate was held for 60 min at 40˚C, and then, centrifuged at 3800 g and 4˚C for 30 min. The resulting supernatant was filtered through a cellulose filter (diameter 5 μm) (Albet, Barcelona, Spain). Permeate was centrifuged at 10,000 g and 4˚C for 20 min, and the supernatant was filtered through glass wool and cellulose filter (diameter 0.2 μm) (Albet, Barcelona, Spain). Then, it was ultrafiltered on an AMI-CON ULTRA tube with 3 kDa pore size (Centripep, Amicon, Bedford, United Kingdom). Finally, permeate was freeze-dried, dissolved in milliQ water at a concentration of 10 mg/ml and kept at −20˚C until use.
Determination of DPPH Radical Scavenging Activity (RSA)
The RSA of extracts was determined according to the method described by Broncano et al. [27] . A 500 μl test sample was mixed with 500 μl of ethanol (99.5%) and 125 μl of DPPH (99.5%, with 0.01% DPPH). This mixture was kept in the dark at room temperature for 60 min before measuring absorbance at 517 nm. Radical scavenging activity (RSA, in percent) was calculated as follows:
where A sample is the absorbance of the test sample and A control is the absorbance of distilled water.
ion chelating assay [27] . An 800 μl test sample was added with 10 μl FeCl 2 (2 mM) and 20 μl ferrozine (5 mM). The mixture was vortexed and kept at room temperature for 10 min prior to measuring absorbance at 562 nm. Chelating effect (in percent) was calculated as follows:
Determination of ACE-Inhibitory (ACEI) Activity
ACEI activity was determined according to the method described by Ong and Shah [32] , with some modifications. 52.5 μl of extract was mixed with 200 μl Hippuryl-L-Histidyl-L-Leucine (HHL) solution (3.8 mM HHL, 0.01 M sodium borate buffer, 0.3 M NaCl, pH 8.3) and 2 mU ACE (from rabbit lung; Sigma Aldrich, Saint Louis, Missouri, USA). After 30 min of incubation at 37˚C, the hippuric acid was extracted with 1.7 ml ethyl acetate. The mixture was centrifuged and 1.5 ml of the organic phase (ethyl acetate) was transferred into a fresh test tube and evaporated to dryness on a water bath for 15 min at 100˚C. The residue containing hippuric acid was dissolved in 1 ml deionised water and the solution absorbance was measured at 228 nm. The percentage of inhibition was calculated as follows:
where A is the absorbance with ACE, HHL and ACEinhibitory sample, B is the absorbance with ACE and HHL without ACE-inhibitory sample, C is the absorbance with HHL and ACE-inhibitory sample without ACE and D is the absorbance with HHL without ACE and ACE-inhibitory sample.
Analysis of the Extracts by RP-HPLC
The extracts were separated by reversed-phase high performance liquid chromatography (RP-HPLC) (Hewlett Packard Series 1100, Agilent Technologies, Waldbronn, Germany) according to the method developed by Broncano et al. [27] . 100 μl of extracts was injected, and the components were separated on a Inertsil ODS-3, C8, Ph3 column (4.6 × 250 mm, 5 μm, GL Science, Tokio, Japan) using a linear gradient of acetonitrile (10% -40%, in 33 min) containing 0.08% trifluoroacetic acid (TFA) at a flow rate of 1.0 ml/min. The compounds (<3 kDa) were detected at 214 and 280 nm.
Statistical Analysis
Means and standard error of the mean (n = 10 within each batch) were obtained from the analytical experiments. Results were analysed using an ANOVA test using the GLM procedure of SPSS 15.0 (SPSS Institute, Chicago, Illinois, USA). The level of significance was set to p < 0.05. [35, 36] , Differences were significant between cured and Iberian ham samples (p < 0.020).
Results and Discussion
Regarding PN values, Iberian ham showed significantly higher values than cured ham (4.9 mg·N/g d.m. vs. 2.8 mg·N/g d.m., respectively). These differences could be ascribed to the different length of the ripening period in these products (>18 moths for Iberian ham versus 6 moths for cured ham), which could have led to a higher proteolysis intensity in Iberian ham. In this sense, Martín et al. [35] described that PN content depended on the duration of the ham processing, showing that the longer the ripening period the higher PN content.
Values obtained for AN content in samples were 13.2 mg·N/g d.m. and 16.9 mg·N/g d.m. for Iberian and cured ham, respectively ( Table 1) . It is well known that amino acid fraction is the most abundant non protein nitrogen in ham, being more than 75% of non-protein nitrogen in the final product [35] . This fraction tends to increase as the temperature rises during the process (drying and cellar period) [35] . Therefore, the significantly lowest content of AN in Iberian ham despite of the long period at room temperature (15˚C -25˚C) in the cellar stage, could be due to the fact that amino acids generated in this period could react with carbonyl groups (Maillard reactions) or suffer degradation phenomena (Strecker degradation), leading to compounds responsible for flavour [37, 38] .
Antioxidant Effect
Results showed that ham extracts presented antioxidant activity (RSA and MQA) ( Table 2) . These results are also corroborated by Escudero et al. [39] who suggested that dry cured ham contained peptides with antioxidant activity. In this sense, antioxidant activity of meat protein extracts have been demonstrated in numerous studies to be related to hydrolysates made from pork, collagen from bovine, pig and venison [25, [40] [41] [42] . In other studies, several authors found antioxidant activity in extracts from other meat product as fermented or dry cured sausage [18, 26, 27] . When results were treated statistically, significant differences (p < 0.001) appeared between hams. The antioxidant activity was higher in Iberian ham for both DPPH radical scavenging and metal chelating effect. This fact is probably due to a more intense generation of proteolysis compounds during processing of Iberian ham, where the ripening period is much longer than cured ham. In this sense, several studies have demonstrated the relationship between levels of free amino acids and peptides with antioxidant activity (RSA and MQA) found in different protein hydrolysates [40, 43, 44] .
ACE Inhibitory Activity
Percentage of ACE inhibitory activity for ham extracts is shown in Table 2 . In light of the results, it is possible to conclude that both ham extracts presented ACE inhibitory activity. This is in agreement with results showed by Escudero et al. [39] , who found antihypertensive peptides in dry cured ham extracts. In relation to this observation, other studies also found ACE inhibitory activity in meat protein hydrolysates, with similar values to the ones found in our work [15, 16, 45, 46] . On the other hand, there were not significant differences between hams for ACE inhibitory activity values. This is difficult to explain considering the higher quantity of LMW com- pounds (<3 kDa) in Iberian ham promoted by a more intense proteolysis in this product.
Analysis of the Extracts by RP-HPLC
As it can be observed in Table 3 , nine peaks have been separated in both types of ham. Differences between Iberian and cured ham have been found in the size of the peaks expressed as area arbitrary units ( Table 3) . Most of the peaks are presented in higher quantities in Iberian ham samples, peaks P2, P3, P4, P5 and P9 being significantly more abundant in these samples. This is in good agreement with previous results described by Martin et al. [37] , who found higher areas of chromatogram peaks in ham as length of processing increased, causing higher content of proteolysis compounds. Therefore, antioxidant and antihypertensive activity of the extracts can be promoted by some of these compounds. The identification and study of these compounds separately is currently being carried out in a parallel work by our research group.
La Serena and Ewe's Milk Cheese
Proteolysis Parameters
Protein percentage, non protein, peptide and aminoacid nitrogen values are shown in Table 4 . Protein percentage was similar in both types of cheese, around 35%. Other cheeses made from ewe's milk also presented similar values [47] .
Content in NPN was 14.98 mg·N/g d.m. for ewe's milk cheese and 18.45 mg·N/g d.m. for La Serena cheese, this last value being significantly higher. Therefore, it seems that proteolysis phenomena occurring during cheese processing is more intense in La Serena cheese. This was already mentioned by Varnam and Sutherland [48] who suggested that proteolysis in soft cheeses (such as La Results are expressed as means ± standard error.
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Serena) was more pronounced than in hard cheese. In this sense, various authors suggested that differences in NPN in cheese were caused by the type of rennet used in cheese making [49, 50] . In this sense, cheese made with plant rennet (such as La Serena cheese) showed higher amount of NPN compared to cheese made with animal rennet (ewe's milk cheese) [47, [51] [52] [53] . In this sense, values for PN were also significantly higher in La Serena cheese in comparison to ewe's milk cheese in the present research (3.0 mg·N/g d.m. vs. 1.3 mg·N/g d.m ., respectively) ( Table 4) , which is in agreement with Sousa and Malcata [54] and Tejada et al. [55] who found higher content of PN in cheese made with plant rennet.
On the other hand, values for AN were 2.1 mg·N/g d.m. and 3.5 mg·N/g d.m. in La Serena and ewe's milk cheese, respectively, these values being significantly different (Table 4) . This seems to contradict the fact that proteolysis phenomena occurs more intensely in La Serena cheese. However, Yvon and Rijnen [56] explained that amino acids could suffer some transformations during processing, resulting in flavour compounds. Table 5 shows values for antioxidant activity of cheese extracts expressed as percentage of DPPH inhibition (RSA) and chelating effect (MQA). Other authors have found antioxidant activity quantified as RSA in cheese [57] but also in milk [58] , yoghurt [24] and serum protein [59] . On the other hand, antioxidant activity expressed as MQA has been shown in milk [58] and yoghurt [24] . It is observed that La Serena cheese extract presented significantly higher values of RSA in comparison to matured cheese. On the contrary, matured cheese extract showed higher values of MQA. One possible explanation to this fact might be that LMW compounds generated in these products during processing could be different, and therefore may present different way of action related to its antioxidant activity. In fact, Broncano et al. [27] suggested that different LMW compounds isolated from Iberian chorizo showed different antioxidant mechanisms.
Antioxidant Effect
ACE Inhibitory Activity
All extracts showed ACEI activity, with values ranging from 81.4% for matured cheese to 80.8% for La Serena cheese ( Table 5) . These data are consistent with those found by other authors in different cheeses, also showing high values of ACEI activity [11, 32, 60, 61] . By contrast, Torres-Llánez et al. [12] described lower antihypertensive activity values than ours in fresh cheese. In this sense, some authors have reported the important role of the ripening process in the formation of ACE inhibitory peptides, describing the absence of these peptides in fresh cheese [62] . Non significant differences were found between samples related to this activity (p > 0.05). Therefore, it seems that a more intense proteolysis in La Serena cheese does not result in a higher ACEI activity. This is in contradiction to results shown by other authors who proposed that cheese extracts, containing more quantity of peptides <3 kDa, show a higher ACEI activity [62, 63] .
Analysis of the Extracts by RP-HPLC
It is observed that the number of peaks is higher in La Serena cheese than in matured ewe's milk cheese (31 versus 12 peaks) ( Table 6 ). This results confirms the fact that proteolysis phenomena occurs more intensely in La Serena cheese, producing a higher quantity of LMW compounds <3 Kda (such as peptides). Size of the peaks expressed as area arbitrary units is presented in Table 6 . Most abundant peaks were P4, P5, P8, P10, P12, P5 and P12 peaks showing the highest area in matured cheese extracts. Therefore, it would be interesting to isolate, identify and study separately antioxidant and antihypertensive activity of these compounds in order to explain the antioxidant and antihypertensive activity of the extracts.
Conclusion
Ham and cheese samples showed antioxidant and antihypertensive effect. Iberian ham showed higher antioxidant activity probably caused by a more intense proteolysis during processing compared to cured ham. However, this relationship could not be established for the antihypertensive activity in this product. On the other hand, La Serena cheese did not show higher antioxidant or antihypertensive effect despite of a more intense proteolysis in this product. Therefore, it would be interesting to identify and study separately antioxidant and antihypertensive activity of low molecular weight compounds isolated from samples, in order to explain the antioxidant and antihypertensive activity of the obtained extracts.
